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HEARING AID 

RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. appli 
cation Ser. No. 09/263,593 filed Mar. 5, 1999, now U.S. Pat. 
No. 6,473.511, which is a continuation-in-part of U.S. 
application Ser. No. 08/815,852 filed Mar. 12, 1997, now 
U.S. Pat. No. 5,881,159, the entire teachings of which are 
incorporated herein by reference. This application also 
claims benefit to Application Nos. 60/157.972 filed Oct. 6, 
1999, 60/157,870 filed Oct. 6, 1999, 60/145,321 filed Jul. 
23, 1999, and 60/161,214 filed Oct. 22, 1999, the entire 
teachings of each being incorporated herein by reference. 

This application is related to copending U.S. Applica 
tions: 

ATTORNEY DOCKET NO. TITLE 

SMI-13459p A 
2506..1005-001 

Disposable Modular Hearing Aid 
Mass Produced Hearing Aid With a 
Limited Set of Acoustical Formats 
One-Size-Fits-All Uni-Ear Hearing 
Instrument 
Hearing Aid With Flexible Shell 
Hearing Aid Prescription Selector 
Through-Hole and Surface Mount 
Technologies for Highly-Automatable 
Hearing Aid Receivers 
Remote Programming and Control Means 
for a Hearing Aid 

25O6.1013-001 

2506.2012-OOO 
2506.2013-OOO 
2506.2014-000 

2506.2019-000 

all filed of even date herewith, the entire teachings of which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Modern hearing aids comprise an earmold having therein 
the necessary electronics for amplifying and otherwise con 
ditioning Sound to compensate for a user's hearing loss. 
Such electronics generally include a microphone for receiv 
ing the Sound and converting the Sound to an electrical 
Signal, an electronic circuit for amplifying and processing 
the signal produced by the microphone, a speaker (also 
known as a receiver) for converting the processed signals 
into Sound energy and a battery for providing operational 
power to the hearing aid. The earmold can be generally made 
of plastic, and is specially designed and molded to fill the ear 
of the person who is to use the hearing aid. Generally, the 
earmold is made of a hard plastic So as to have a long life 
and So that it can be periodically cleaned. The electronics of 
the Signal processing circuitry are typically adjusted to meet 
its userS Specific hearing requirements. These requirements 
are obtained by first testing the user's hearing and then 
providing a circuit having a frequency response character 
istic that compensates for any hearing loss discovered in the 
test. After the desired circuit is determined from the tests, it 
may be finally adjusted by a hearing aid specialist to meet 
the final requirements of the party. All of the above features 
of the structure of the hearing aid, the method of making it 
and the method of adjusting it make the hearing aid rela 
tively expensive. 

Conventionally, hearing aids have a battery that must be 
replaced periodically as it is Small and has only a limited 
lifetime of operation. Hearing aid users frequently complain 
about the difficulty in replacing batteries. Batteries are 
becoming increasingly difficult to handle as hearing aids and 
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2 
batteries become smaller. It is especially difficult for the 
majority of hearing aid wearers who are over 65 years of age 
and who are losing visual and motor abilities. Having a 
hearing aid that does not require battery replacement, or 
replacement at fewer time intervals, would be advantageous 
to these users. 

SUMMARY OF THE INVENTION 

One Solution to this problem is to provide a disposable 
hearing aid with a permanent battery, as is disclosed in U.S. 
Pat. No. 5,881,159, issued to Aceti et al. on Mar. 9, 1999. 
One difficulty with a disposable hearing aid, however, is that 
its permanent battery may discharge during the shelf-life 
period. To ensure that the hearing aid lasts for its target life 
of 30 days, for example, a Switch may be included in the 
device to keep the battery from discharging. Two types of 
Switches may be used: an on/off Switch or an on-only switch. 
An on-only Switch may be used to activate the device once. 
Once put into service the device remains “on” until the 
battery is depleted. An on/off Switch, in addition to activat 
ing the device once, may allow the hearing aid to be turned 
“off” during non-use periods, for example at sleep time. 

It would also be desirable to have a disposable hearing aid 
which is inexpensive with regard to both the structure of the 
parts of the hearing aid and its method of making and 
packaging, and which can be easily used by the person, 
particularly the elderly. 
The present invention is directed to a hearing aid having 

an integral power Source or battery. The integral power 
Source is for example, non-replaceable or non-removable. 
The hearing aid includes a circuit for receiving and ampli 
fying the Sound, and a shell Surrounding the circuit. 

In one embodiment, the battery is customized and Sub 
Stantially conforms to a portion of the ear canal between the 
aperture and the first bend. The battery can be tapered and 
include at least one step. In one embodiment, the battery has 
an elliptical cross-section. The battery may have a metal or 
plastic enclosure. The battery can be used in a disposable or 
non-disposable hearing aid. 
The present invention is also directed to a hearing aid 

insertable into an ear canal which includes a microphone 
which translates acoustic energy into electrical signals, 
Signal processing circuitry which processes the electrical 
Signals provided by the microphone, a receiver which con 
Verts the processed electrical signals into acoustic energy, 
and a power Source connectable to the signal processing 
circuitry. Preferably, the power source substantially con 
forms to a portion of the ear canal between the aperture and 
the first bend. The hearing aid can further include a housing 
formed of two half-shells jointed together and enclosing one 
or more of the microphone, the signal processing circuitry, 
and the receiver. 

In another embodiment, the power source is disposed 
between the microphone and the receiver to prevent feed 
back between the same. A flexible circuit preferably inter 
connects the power Source and receiver. 
A battery is also provided in accordance with the present 

invention for a hearing aid which includes a plastic housing 
partially Surrounding a metal shell. The metal shell is 
expandable and contains Zinc and electrolyte. A plastic 
cathode plate Seals one end of the metal shell and a cathode 
grid is positioned proximate to the plastic cathode plate. At 
least one cathode electrode and at least one anode electrode 
is disposed in the cathode plate. 
An apparatus and a method for automatically shutting 

down or disabling a hearing aid is also provided which 
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includes an apparatus for calculating the total time the 
hearing aid is turned “on” excluding the time the hearing aid 
is turned “off.” The hearing aid is shut down upon reaching 
a predetermined amount of total time that the hearing aid is 
turned “on”. Preferably, the user is warned prior to shut 
down of the hearing aid. The hearing aid can also be shut 
down by disconnecting a receiver of the hearing aid. 

In another embodiment, a continuous amount of time is 
calculated Starting when the hearing aid is turned “on” and 
the hearing aid is shut down upon reaching a predetermined 
amount of time. 

In yet another embodiment, a method is provided for 
automatically shutting down a hearing aid which includes 
programming electronics of the hearing aid Such that the 
hearing aid will operate only during a predetermined time 
interval. The hearing aid is activated by turning it “on” 
during the predetermined time interval. 

In accordance with other principles of the present inven 
tion, the hearing aid can have a generally cylindrical base 
portion, an elongate curved middle portion, and a mush 
room-shaped tip portion. A battery is provided having a 
Stepped shape to conform to the interior of the hearing aid. 

In accordance with other aspects, a hearing aid insertable 
into an ear canal is provided which includes a microphone 
which translates acoustic energy into electrical signals, 
Signal processing circuitry which processes the electrical 
Signals provided by the microphone, a receiver which con 
verts the processed electrical Signals into acoustic energy, 
and a power Source connectable to the Signal processing 
circuitry. A shell encloses the microphone, the Signal pro 
cessing circuitry, and the receiver. Preferably, the shell 
includes a Substantially transparent or translucent faceplate 
which is externally visible after the hearing aid is inserted 
into the ear canal. This allows the faceplate to pick up the 
natural color of the user's ear to help conceal the hearing aid 
within the ear during use. The faceplate can include a 
reflective Surface thereon and can also include compound 
CUWCS. 

According to further aspects of the present invention, a 
coupling mechanism is provided that Simultaneously elec 
trically connects the Signal processing circuitry, the receiver, 
and the power Source. In one embodiment, the coupling 
mechanism includes contact memberS Such as leaf Springs 
having twisted ends for ensuring an electrical connection. 

According to yet further aspects, a Switch mechanism is 
provided that turns the hearing aid “on”, i.e., connects the 
battery (power Source) terminals to the circuit, upon inser 
tion of the hearing aid into the ear canal and turns the hearing 
aid “off” upon removal of the hearing aid from the ear canal. 
In one embodiment, the Switch mechanism includes a pull 
cord connected to an insulating member. The insulating 
member breaks a circuit between the power Source and the 
Signal processing circuitry to turn the hearing aid “off”. 

In other aspects, it can be desirable to provide more than 
one power Source to extend the use life of the hearing aid. 
Accordingly, a hearing aid is provided which includes more 
than one power Source. A Switch mechanism is provided for 
Selecting and activating a Single power Source. In one 
embodiment, the Switch mechanism includes an insulating 
member which, in an “off” position, covers a hole of each 
metal/battery power Source to prevent air from entering into 
the power Source. The Switch mechanism further includes a 
conducting member for connecting, in an “on” position, the 
first power Source or the Second power Source to the Signal 
processing circuitry of the hearing aid. Preferably, the Switch 
mechanism further includes an aperture therethrough for 
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4 
allowing an air pathway to allow air to enter the Selected 
power Source to activate the Same. 

In accordance with further aspects of the present inven 
tion, packaging is provided for a hearing aid to prevent 
inadvertent activation of the hearing aid during transport. 
Preferably, the packaging includes a housing having a 
groove that Substantially conforms to at least a portion of the 
shape of the hearing aid to Snuggly hold the hearing aid. The 
groove, in one embodiment, is Substantially open adjacent 
the Switch. A Securing member, Such as a Strap, can be used 
to immobilize the Switch relative to the housing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages 
of the invention will be apparent from the following more 
particular description of preferred embodiments of the 
invention, as illustrated in the accompanying drawings in 
which like reference characters refer to the same parts 
throughout the different views. The drawings are not nec 
essarily to Scale, emphasis instead being placed upon illus 
trating the principles of the invention. 

FIG. 1 is an exploded schematic view of a first embodi 
ment of a hearing aid according to the present invention; 

FIG. 2 is a sectional view of the assembled hearing aid 
shown in FIG. 1; 

FIG. 3 is a Schematic diagram, partly in block diagram 
form, of the components of a hearing aid according to the 
present invention; 

FIG. 4A is a flow chart diagram showing a method of 
assembling the hearing aid of the present invention; 

FIG. 4B is a plan view of packaging used to ensure 
inadvertent activation of the hearing aid during transport; 

FIG. 4C is a plan view of alternative packaging used to 
ensure inadvertent activation of the hearing aid during 
transport; 

FIGS. 5A and 5B are charts showing the various 
responses of the amplifier circuit which can be used in a 
hearing aid according to the present invention; 

FIGS. 6A,6B, and 6C are sectional views of an alternative 
embodiment of a hearing aid according to the present 
invention showing an on/off air block Switch; 

FIG. 6D is an isometric view of a hearing aid employing 
an alternative switch to turn the hearing aid “on” and “off”; 

FIG. 6E is an enlarged perspective view of a pull cord and 
insulating member used to form the Switch of FIG. 6D; 

FIGS. 6F and 6G are partial isometric views illustrating 
“on” and “off” positions of the hearing aid of FIG. 6D; 

FIG. 6H is an enlarged perspective view of the pull cord 
and insulating member, as shown in FIG. 6E, and a stopping 
member of the hearing aid; 

FIG. 61 is a partial end view of the hearing aid of FIG. 6D 
illustrating an alternative faceplate having compound 
curVeS, 

FIG. 7 illustrates an automatic “on” only switch for use 
with a pull tab Seal on the battery of a disposable hearing aid; 

FIGS. 8A-8C illustrate a hearing aid having a recharche 
able battery; 

FIG. 9 is a sectional view of an alternative embodiment of 
a hearing aid in accordance with the present invention 
particularly illustrating an inventive power Source; 

FIG. 10 is a plan view of an embodiment of a hearing aid 
in accordance with the present invention; 

FIG. 11 is a partial cross-sectional view of the hearing aid 
of FIG. 10; 

FIG. 12 illustrates an embodiment of an inventive battery 
particularly showing the bottom of the anode can; 
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FIG. 13 illustrates the inventive battery of FIG. 12 par 
ticularly illustrating the top of the cathode can; 

FIG. 14 illustrates the inventive battery of FIGS. 12 and 
13 positioned in the hearing aid shells in accordance with the 
present invention; 

FIG. 15 is similar to FIG. 14 which further includes the 
receiver and microphone position within the shells, 

FIG. 16 is a cross-sectional view of a hearing aid in 
accordance with the present invention particularly illustrat 
ing the croSS-Sectional shape of one embodiment of the 
battery; 

FIG. 17 is a cross-sectional view of another embodiment 
of a hearing aid in accordance with the present invention 
particularly illustrating an elliptical cross-sectional shape of 
an alternative battery; 

FIG. 18 is yet another embodiment of a hearing aid in 
accordance with the present invention particularly illustrat 
ing a plastic battery; 

FIG. 19 illustrates a further embodiment of a hearing aid 
in accordance with the present invention particularly illus 
trating an alternative anode design; 

FIGS. 20 and 21 illustrate an embodiment of a quick 
connect mechanism for use in a hearing aid of the present 
invention; 

FIGS. 22 and 23 are schematics of a Switch mechanism 
used to Select and activate a hearing aid battery; 

FIG.24 is a schematic of an alternative Switch mechanism 
used to Select and activate a hearing aid battery; 

FIG. 25 is a schematic of another alternative Switch 
mechanism used to Select and activate a hearing aid battery; 
and 

FIG. 26 is a partial schematic of a hearing aid in accor 
dance with the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A description of preferred embodiments of the invention 
follows. Referring initially to FIGS. 1 and 2 of the drawings, 
the hearing aid of the present invention is generally desig 
nated as 10. Hearing aid 10 comprises an electronics assem 
bly 12, a shell 14 and an earmold 16. As shown in FIG. 3, 
the electronics assembly 12 includes a microphone 18, 
which is adapted to receive the Sound and convert the Sound 
into electrical Signals. The microphone 18 is connected to 
the input of a Signal processing circuitry 20 which amplifies 
the Sound, diminishes any undesirable background noise and 
which can adjust the Sound according to the particular needs 
of the hearing of the user. The output of the Signal processing 
circuitry is connected to a receiver 22 which converts the 
output signals to Sound and directs the Sound into the ear of 
the user. A Suitable battery 24 is connected to the Signal 
processing circuitry 20 to operate the circuitry 20. 
As shown in FIGS. 1 and 2, the electronics assembly 12 

includes a flexible printed circuit 26 having a base 26a and 
upright arms 26b and 26c at its ends. The flexible printed 
circuit 26 also includes therein paths of a conductive metal 
(not shown). The microphone 18 is mounted on the upright 
arm 26b at one end of the printed circuit 26, and the receiver 
22 is mounted on the upright arm 26c at the other end of the 
printed circuit 26. The components 28 of the Signal process 
ing circuitry 20 and the battery 24 are mounted on the base 
26a of the printed circuit 26 between its ends. The micro 
phone 18 can be any very Small microphone, which is 
presently on the market or can be a Silicon microphone in 
which the diaphragm of the microphone 18 is a thin layer of 
Silicon. 
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6 
The Signal processing circuitry 20 can be of any well 

known type, which will provide the desired amplification. 
For a very short operating hearing aid 10, Such as for a 
three-day operation, the Signal processing circuitry 20 can be 
of the type, which will provide amplification with fixed gain 
and frequency response. A simple, low-cost class-A ampli 
fier can be used. For a longer lasting hearing aid 10, Such as 
a 30-day device, the Signal processing circuitry 20 can be of 
the type, which contains a two-channel amplifier with Signal 
compression. One channel can process the lower frequency 
Spectrum while the other channel can process the higher 
frequency spectrum. To extend battery life, a more efficient 
class-D output amplifier can be used. For any type of Signal 
processing circuitry 20, integrated circuits that perform the 
required signal processing should be used and are readily 
available. To achieve the different responses, different values 
of passive components, Such as resistors and capacitors, can 
be used. The Speaker 22 can be of any type of Small Speaker 
readily available. Various embodiments of the battery or 
power Source 24, which is used to operate the Signal 
processing circuitry 20, will be described below. 
The shell 14 can be, for example, a flexible hollow 

cylindrical element that is adapted to house and protect the 
electronics assembly 12. The shell 14 can be molded, plastic 
material and contains means, such as ribs 15 shown in FIG. 
2, to orient and retain the electronics assembly 12 therein. 
The shell 14 is of a material, which protects the electronics 
assembly 12 from moisture and mechanical damage. The 
shell 14 also provides acoustical features for facilitating 
incoming and outgoing Sound, and has external features, 
such as ribs 17, which help retain it in the earmold 16. 

In one embodiment, earmold 16 is of a soft, durable and 
compliant material. It can be of a cold-cured methacrylate, 
heat-cured methacrylate, heat-cured Silicone, polyvinyl 
chloride copolymer or polyethylene co-polymer. The ear 
mold 16 has an inner opening 16a into which the shell 14 
containing the electronics assembly 12 is inserted and 
retained. The outer configuration of the earmold 16, Such as 
its shape and size, is Such that it can be readily inserted in 
the ear canal of the user and which will flexibly mold itself 
to the shape of the ear canal. 

Referring to FIG. 4A, there is illustrated a method of 
assembling the hearing aid 10 of the present invention. A 
flexible circuit 26 is fed from a reel along with the various 
components 28, which make up the assembly 12. Including 
microphones 18, receiverS 22 and batteries 24, into an 
assembly apparatus 30. The assembly apparatus 30 
assembles the components onto the flexible circuit to form 
a Strip containing a plurality of the hearing aid electronics 
assemblies 12. The completed assemblies are mounted on a 
reel to form a reel 32 of the hearing aid component assem 
blies. 
The flexible circuit assemblies of the reel 32 are then fed 

along with shells 14 into an assembler 34 where the elec 
tronics assemblies 12 are cut apart from the reel, and each 
electronics assembly 12 is formed and inserted into a shell 
14. The shell assembly may then be inserted into a package 
36, which is hermetically Sealed and contains a gas, that 
protects the shell assembly from the atmosphere and extin 
guishes battery activity. The earmolds 16 are molded in a 
Suitable molding apparatus and may also be packaged in 
hermetically sealed packages 38. The earmolds 16 are 
preferably molded in a few different sizes so that a suitable 
Size can be used for each user of the hearing aid 10. Because 
the earmolds are formed from a compliant material one size 
of earmold may be appropriate for a number of different ear 
configurations. 
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The Signal processing circuitry 20 of the electronics 
assembly 12 may be designed, for example, to accommodate 
high-frequency hearing losses and flat-frequency hearing 
losses in the mild to moderate ranges. The Signal processing 
circuitry 20 for different electronics assemblies 12 may be 
made to provide different audiological responses. FIGS. 5A 
and 5B are charts showing the various responses which may 
be provided by the different electronics assemblies 12 which 
are made in the process of the present invention. FIG. 5A 
shows the responses for a three-day device which has a fixed 
gain and frequency response, and FIG. 5B Shows the 
responses for a 30-day device which has a two-channel 
amplifier. In each of FIGS. 5A and 5B, the columns repre 
Sent different amplifier gains with column Abeing the lowest 
gain and column C being the highest gain. The rows 
represent different frequency response characteristics with 
row 1 being a flat response, row 2 a mild high frequency 
boost and row 3 the moderate high frequency boost. Thus, 
in making the Signal processing circuitry 20, different com 
ponents may be used So as to make up a fixed number of 
circuits having different gains and frequency responses as 
shown in FIGS.5A and 5B. The different circuits are marked 
according to the charts of FIGS.5A and 5B according to gain 
and frequency response, Such as A1, A2, A3, B1, etc. 
The last Step in making the hearing aid 10 of the present 

invention is done by an audiologist or physician after the 
hearing of the user is tested and it is determined what type 
of audiological response is required of the hearing aid. The 
audiologist or physician checks the charts shown in FIGS. 
5A and 5B and picks the signal processing circuitry 20 
which will provide the audiological response required by the 
user. The audiologist/physician then picks the shell assem 
bly, which contains the desired electronics, and picks an 
earmold 16 of the appropriate size for the user. The shell 
assembly is then inserted into the earmold 16 and the hearing 
aid 10 is ready to be inserted in the ear of the user. 

Another alternative means of preventing air from degrad 
ing the battery while in Storage is to use non-permeable 
packaging 38 (as shown in FIG. 4A) in lieu of a film tab on 
the battery or hearing aid. The following three materials are 
examples of Such packaging: 

1. Barex-made by Klockner-Pentaplast. It is a Barrier 
film designed to limit the transmission of O & CO; 

2. PVC with PVDC-made by K-P. It is a barrier film 
designed to limit O, CO and H2O, and 

3. Alu-Alu-Various manufacturers. It is a composite of 
A1 and polyethylene that is heat Sealable and is a 
barrier to virtually all gases and vapors. 

All three films can be used exclusively or in combination. 
Most often, the packages are formed of plastic and alumi 
num (or a composite of aluminum and paper) as a lidding 
Stock. Alu-Alu may be used for both the receptacle and the 
lid. 

The non-permeable packaging is Specially designed for 
the hearing aid to minimize any entrapped air. The package 
is desirably sized Such that the hearing aid fits Snuggly into 
it. The Small amount of O entrapped during packaging will 
react with the battery chemistry, but will have minimal 
impact on the life of the battery. 
One advantage of Sealing the hearing aid in the packaging 

is that the user does not need to remove any tape or Seal from 
the hearing aid. If the tape on the hearing aid is used, 
however, the packaging may be further enhanced to assist 
the user of the disposable aid. In one embodiment, the 
packaging does not block O. and the hearing aid is Sealed by 
a non-permeable tape applied to the battery or faceplate. 
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8 
This tape is also attached to the packaging. When the user 
removes the aid from the packaging, the tape is automati 
cally removed and retained in the packaging. 
The packaging preferably prevents the hearing aid 10 

from being turned “on” during transport to prevent inad 
vertent degradation of the battery 24. In one embodiment, as 
shown in FIG. 4B, the packaging includes a housing 40 
having a groove or slot 42 therein which preferably Sub 
Stantially conforms to at least a portion of the shape of the 
hearing aid 10. The groove 42 is Substantially open adjacent 
the Switch or pull cord 62 (the function of the pull cord to 
be explained below with reference to FIGS. 6B-6H; gener 
ally the pull cord is used to turn the hearing aid 10 “on” and 
“off” by pushing/pulling the cord into/away from the face 
plate 60). Thus, the hearing aid 10 is Snuggly held by the 
housing 40 to prevent the pull cord 62 from turning the 
hearing aid 10 “on”, for example, by hitting a side of the 
housing. In another embodiment as shown in FIG. 4C, a 
Securing member 44, for example, a Strap, can be used to 
immobilize the pull cord 62 relative to the housing 40 to 
further prevent the cord from turning the hearing aid 10 
66 ss 
O. 

An additional degree of battery protection and Storage 
longevity may be achieved by eliminating O and C O. 
during packaging and maintaining a 50% relative humidity. 
It is generally known that metal-air battery life is optimized 
if it is maintained at approximately 50% relative humidity. 
Lower humidity tends to dry out the electrolyte. High 
humidity allows absorption of moisture and dilution of 
electrolyte. Accordingly, maintaining 50% RH during the 
Storage and use life of the battery, optimizes its potential. 

Thus, it may be desirable to blow an inert gas, Such as 
nitrogen, over the hearing aid while its package is being 
Sealed. It may also be desirable to add a Small amount of 
water to the nitrogen to maintain the humidity level at 
approximately 50% after the package is Sealed. 

In a hearing aid 10 according to the present invention, the 
Signal processing circuitry 20 has fixed audio characteristics 
and is made in a limited number of acoustical formats. In 
addition, the acoustical format is preprogrammed in the 
electronics manufacture So that no potentiometers or other 
adjustable devices are needed for tailor the device for a 
particular user. In addition, in this first embodiment of the 
invention, the units are used only for the life of the battery. 
Thus, no on/off switch is used or required. Therefore, it is of 
Simple design having a minimum number of components 
and is easy to assemble on an automatic basis. The Signal 
processing circuitry 20 and the entire electronics assembly 
12 is inexpensive because it can be easily made in large 
Volumes to achieve economies of Scale. The assembly 12 is 
encased in a simple hollow shell, which is easy to assemble 
by automated methods. Also, the earmold 16 is of simple 
design and of a Soft, pliable material So as to be inexpensive. 
Thus, the entire hearing aid 10 uses a minimum number of 
inexpensive parts and is easy to assemble So that the hearing 
aid 10 is relatively inexpensive compared with presently 
used hearing aids. 

Because the hearing aid 10 is So inexpensive, it can be 
disposable. Therefore, when the battery 24 of the hearing aid 
10 is depleted, instead of replacing the battery 24, the whole 
hearing aid can be disposed of and replaced with a com 
pletely new hearing aid 10. Thus, there is provided by the 
present invention, a hearing aid 10 which is inexpensive to 
manufacture So as to be disposable. However, the hearing 
aid 10 still has all of the audio characteristics required by the 
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user and has a high reliability. In addition, Since it is 
disposable, it requires no Service for major cleaning, repair 
and adjustment. 
AS Set forth above, hearing aids commonly use metal-air 

batteries as a power Source and in particular the zinc-air type 
of battery. Metal air batteries have the property that the 
oxygen in the air is the activator of the battery chemistry. AS 
Such, the battery is quiescent in the absence of air. Zinc-air 
cells are activated when air, and in particular oxygen, is 
allowed to enter the cell. In Some Zinc-air cells, a pull-tab 
covers one or more Small openings that allow air to reach the 
air-cathode assembly. The pull-tab may be designed to allow 
air to diffuse slowly into the cell. With the pull-tab sealing 
the cell, the cell is oxygen deprived and may not Support the 
Same current as an unsealed cell. 
A pull-tab that is impermeable to oxygen may be used to 

Seal the air openings. Instead of an oxygen impermeable 
pull-tab, or in addition to Such a pull-tab, the cell (battery) 
may be Sealed in a nitrogen-filled, oxygen impermeable bag. 
The relative humidity of the nitrogen gas within the bag may 
be, for example, between 40 and 60 percent So as not to dry 
out the cell. When the sealed bag is opened or the pull-tab 
is removed, oxygen diffuses into the cell, the cell reverts to 
a zinc-air cell, and the Voltage may increase, for example, 
from about 0.39 volts to more than 1.4 volts. 

Another embodiment of this invention includes a non 
replaceable metal-air battery Sealed within the hearing aid. 
Nevertheless, a means is needed to allow airflow to the 
battery. An exemplary disposable hearing aid shown in FIG. 
6A. A passageway 64 is provided on the face or cover plate 
60 of the hearing aid 10, such that air may travel from the 
outside through the outer shell of the hearing aid to the 
cathode Side of the battery 24. The passageway is a Sealed 
volume, such that when the outer holes H are covered by a 
tape 59, no air is permitted to enter the passageway 64 and 
reach the air ingress holes 68 and into the cathode area 70 
of the battery 24. 

During Storage or Shipment, the disposable hearing aid 
may be exposed to an uncontrolled environment. Metal-air 
batteries are Sensitive in their performance and life expect 
ancy to the environment. Battery life is enhanced by mini 
mizing exposure to O or CO during Storage. Even when 
the battery is not coupled to a load, these gases may cause 
chemical reactions in the battery to degrade its life. It is 
therefore important to protect and Seal the integrated battery 
in a disposable hearing aid from the environment. Tradi 
tional metal-air batteries use a non-air permeable tape over 
air ingreSS holes to protect the battery. 
To assure that the air passageways do not reach the 

cathode Side of the battery during Storage or shipment, four 
different means for Sealing the battery in accordance with the 
present invention can be provided: 

1) Sealing the battery with non-permeable tape applied to 
the air ingreSS holes on the cathode, 

2) Sealing the hearing aid with the non-permeable tape 
applied to air ingreSS holes on the faceplate; 

3) Sealing the hearing aid with non-permeable packaging; 
and 

4) providing the hearing aid casing with a reclosable 
air-tight Sealing device. 

The Simplest and most direct means of Sealing a battery in 
a disposable hearing aid is by applying a non-permeable tape 
61 to the battery 24, directly covering the air ingreSS holes 
68 as shown in FIG. 6A. A disposable hearing aid which uses 
this sealing strategy is provided with a slot 58 in the shell 74, 
such that a tab T connected to the tape 61 on the battery 24 
protrudes from the slot. When the user is ready to activate 
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the unit, the tab T is pulled from the unit along with the tape 
61 attached thereto exposing the battery's air ingreSS holes 
68, and activating the battery. This embodiment also has the 
dual function of an “on” only switch as described below. 

U.S. patent application entitled “MODULAR ELEC 
TROACOUSTIC INSTRUMENT" by Leedom et al., appli 
cation Ser. No. 09/250,512, is incorporated herein by refer 
ence for its teachings on disposable hearing aids. The 
referenced application describes a hearing aid having a 
removable tab that is used to seal the battery prior to use. In 
the exemplary embodiment of the invention, the removable 
tab 61 is positioned between the conducting contacts 76 on 
the bottom of the Signal processing Section 20 and corre 
sponding contacts 71 on the top of the casing of the battery 
24 to disconnect the battery 24 from the Signal processing 
circuitry 20 until the tab 61 is pulled. The removable tab 
substantially seals the vent 68 in the battery casing. When 
the tab is pulled, oxygen is Supplied to the battery through 
the vent and the battery is electrically connected to the 
hearing aid circuitry. AS Set forth in the above-referenced 
patent to Leedom et al. one or both of the contacts 76 and 
71 may be spring contacts which make an electrical con 
nection after the tab 61 is removed. 
An alternative to putting tape on the battery is to put tape 

59 covering the air vent holes 64 of the hearing aid. As 
described above with reference to FIG. 6A, a design feature 
of a disposable hearing aid according to the present inven 
tion provides for air passagewayS 68 to allow air to travel 
into the battery 24. For this approach to work, the battery 24 
is desirably Sealed in the hearing aid 10 So that no air can get 
into the battery except through specific passageways. Hear 
ing aids typically have two passageways, a proximal pas 
Sageway through which acoustic preSSure waves interact 
with the microphone and a distal passageway through which 
the receiver produces acoustic preSSure waves to activate the 
eardrum. In an embodiment of a hearing aid according to the 
present invention, the battery may be Sealed from the air 
except for one of these passageways. The proximal passage 
way may be hermetically Sealed to the battery or may be 
integrally molded to the faceplate So that the battery coming 
into contact with the faceplate forms a hermetic Seal except 
for the proximal passageway. 

Additionally, the distal passageway may be sealed to the 
battery with the use of a non-permeable adhesive or Sealant. 
The proximal passageway 64 may be made from the housing 
material of the hearing aid (Such as acrylic or Noryl) which 
connects the air holes in the faceplate with the air holes in 
the outer casing of the Zinc air battery. Alternatively, the 
hearing aid shell itself may form a hermetic Seal around the 
electronics and battery as described below with reference to 
FIG. 6B. With this design no special passageway is required. 
Air may only enter the unit in a controlled manner through 
Specific air ingreSS holes. 
With either of the alternative designs, a non-permeable 

tape 59 may then be applied over the holes in the faceplate. 
When the user is ready to activate and use the product, the 
tape is simply removed. 

It is not generally known that a metal-air battery deprived 
of O2 but under electrical load can deplete itself and have 
less than optimal energy capacity during use. In the case of 
a disposable hearing aid, even if non-permeable tape and/or 
packaging are used, if the battery is connected to the hearing 
aid electronics, the battery will Self-discharge. Therefore, it 
is desirable to provide a mechanism to be incorporated in the 
hearing aid, to Separate the electrical load from the battery 
during Storage and shipment. There are Several types of 
devices that can be used for this purpose. 



US 7,010,137 B1 
11 

One type of Switch is an “on” Switch that is an electrical 
contact, Such that once the hearing aid is activated it cannot 
be turned “off”. The simplest embodiment of this type of 
mechanism is to impose a non-conductive paper, tape or film 
61 between one of the electrical contacts 76 of the signal 
processing circuitry 20 and the corresponding electrical 
terminal 71 of the battery 24, as shown in FIG. 6A. The 
hearing aid is manufactured with the paper or film 61 in 
place and extending out of the hearing aid shell 74. To 
activate the unit, the user pulls the tab T out allowing the 
contact 76 to touch the battery terminal 71, thus completing 
the electronic circuit. Replacing the film to turn the unit 
“off” is difficult, if not impossible. As described above, this 
tape may also be used to block the ingreSS of air into the 
battery So that, when the tape is removed, the battery is 
Simultaneously activated and connected to the load. 
A more traditional Switch can also be incorporated. Non 

disposable hearing aids typically have an electromechanical 
Switch or the battery itself is used as the on/off switch. Since 
a disposable hearing aid does not have an accessible battery, 
an electromechanical Switch can be used. The advantage of 
the on/off Switch is that the unit can be turned “off” during 
Storage and shipment, and in use, turned “on” only when 
needed. Having the ability to turn “off” the unit allows the 
unit to be inserted and removed from the ear without 
feedback because no Sound is being amplified. \Turning the 
unit “off” when not in use, also extends the battery life. 

Another type of mechanism that can be used to extend 
battery life is an automatic Switch, which monitors the 
battery Voltage and turns the hearing aid “on” when the 
Voltage is above Some predefined value. AS Set forth above, 
in the absence of O, the metal-air batteries operate as 
Zinc-hydroxide cells and have a lower Voltage potential. 
During Shipment and Storage, the metal-air battery will have 
a tabbed non-permeable tape on the terminals and the 
Voltage potential, as measured under Small electrical load, 
should be less than 50% of the fully activated potential. 
An automatic “on” only switch is described for use with 

a pull tab Seal on the battery of a disposable hearing aid in 
copending U.S. patent application Ser. No. 09/124,948 and 
entitled “Power Source For A Hearing Aid' by Sjursen et al., 
which is incorporated herein by reference for its teaching on 
power Sources for disposable hearing aids. An exemplary 
circuit 700 coupled between a hearing aid battery 24 and a 
hearing aid load 200 in accordance with the present inven 
tion is shown in FIG. 7. The circuit includes a transistor 710 
having its emitter electrode E coupled to the anode A of the 
battery 24. The collector C of the transistor is coupled to one 
terminal of the “load” 200 (i.e., the microphone electronics, 
Signal processing circuit 20, and the receiver 22 of the 
hearing aid 10) and the cathode of the battery 24 coupled to 
the other terminal of the load 200. A resistor 712 connects 
the cathode of the battery 24 to the base B of the transistor 
710. When the voltage provided by the battery is less than 
is required to turn on the transistor 710, the load 200 is 
disconnected from the battery 24 Since the non-conducting 
transistor represents an open circuit between the load and the 
battery. However, when the voltage provided by the battery 
exceeds the turn-on voltage for the transistor 710, the 
transistor conducts current between its emitter E and col 
lector C electrodes allowing current to be applied to the load 
200. 

This circuit 700 or a similar circuit can be incorporated 
into a hearing aid according to the present invention. When 
the hearing aid is manufactured, the battery is in a non 
activated State. This is accomplished by one of the Sealing 
means previously described. The circuit 700 continuously 
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Senses the potential of the battery 24 and prevents current 
flow to the Signal processing circuitry 20 of the hearing aid 
until the unit is removed from its packaging and the battery 
is activated whereupon the Voltage on the battery increases 
to its full potential. Uponsensing this voltage, the circuit 700 
allows current to pass to the Signal processing circuitry 20. 
The benefit of this circuit is that it eliminates the need and 
cost of an electromechanical Switch. It also provides for 
hearing aid with longer shelf life and should be easier to use 
as the user does not need to turn on a mechanical Switch or 
remove a mechanical barrier to connect the hearing aid 
electronics to the battery. 
An electronic Switch, Such as that disclosed above, may 

also be used with an air block Switch to reduce oxygen and 
moisture transfer to and from the battery when the hearing 
aid is not being used. FIGS. 6B and 6C show one embodi 
ment of a disposable in-the-ear (ITE) hearing aid 10 with an 
air block on/off Switch. 

FIG. 6B shows a disposable hearing aid having a modular 
construction. The hearing aid includes a faceplate 60 which 
protects the Sensitive microphone 18, anchors a pull cord 62, 
and provides an opening 64 through which air may pass to 
the battery 24. The hearing aid also includes signal proceSS 
ing circuitry 20 which is connected to the microphone 18, 
and, via electrical circuit contacts 76 to the battery 24 and a 
flex circuit 78. The flex circuit 78 provides a connection 
between the Signal processing circuitry 20 and the receiver 
22. In this exemplary embodiment of the invention, the 
receiver 22 is manufactured Separately from the battery 24 
and Signal processing circuitry 20. The receiver is coupled to 
the flex circuit 78 via a spring contact interface 80 which fits 
between the contacts 82 of the receiver 22 and the flex 
circuit 78. The battery 24 and signal processing circuitry 20 
are permanently mounted in a plastic case 74. The battery 
includes a metal wall, which is also the anode of the battery, 
an electrolyte mixture 73 and a cathode grid 70. The battery 
is enclosed by a top cap 75 which is separated from the 
anode 72 by an insulator 77. An opening 68 in the top cap 
provides air from the air channel 66 to the cathode grid 70. 

In one embodiment, as illustrated in FIG. 6C, the face 
plate 60 is configured to slide in and out relative to the 
microphone 18 and hearing aid electronics 12. The plate 60 
is pushed in, opening the air passage 66 when the user 
pushes the hearing aid into his or her ear. The faceplate 60 
is pulled out, closing the air passage 66 when the user pulls 
the pull cord 62 to remove the hearing aid from his or her ear. 
When the plate 60 is pushed in, the air passage 66 is opened 
to allow air to enter the battery 24 via the opening 64 in the 
faceplate air passage 66 and battery air hole 68. When the 
plate 60 is pulled out, the air passage 66 is blocked as shown 
in FIG. 6C. 

In accordance with other aspects of the present invention, 
it is desirable to conceal the hearing aid 10 is much as 
possible as there can be a Stigma associated with wearing a 
hearing aid. This Stigma may arise from the perception that 
those requiring hearing assistance are impaired and old. 
Thus, in one embodiment, the faceplate 60 of FIG. 6D may 
be formed from a Substantially translucent or transparent 
material. The material can, for example, be “tinted” with a 
color(s) such as a flesh and root beer tones. When the 
hearing aid 10 is inserted into the ear canal for use, essen 
tially only the faceplate 60 is visible. The translucent or 
transparent faceplate 60 picks up the natural color of the 
user's ear and helps conceal the hearing aid 10 within the 
user's ear. In another embodiment, the faceplate 60 may be 
formed with a reflective Surface which can also help conceal 
the hearing aid 10. In yet another embodiment, the faceplate 
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60 may be formed with compound curves as shown in FIG. 
6I to better reflect the contour of the user's ear. 

FIGS. 6D-6H illustrate another embodiment of a Switch 
mechanism to turn the hearing aid 10 “on” and “off” in 
accordance with the present invention. Beneficially, the 
hearing aid 10 can be turned “off” when not in use to extend 
the life of the battery. In this embodiment, the pull cord 62 
extends through the faceplate 60 and is connected to an 
insulating member 128, which can also be referred to as a 
slider, as shown in FIG. 6E. The insulating member 128, in 
one embodiment, is constructed from a plastic or other 
Suitable material by an injection molding process. Insulating 
member 128 includes an aperture 130 therethrough and can 
also include a tapered leading edge 134 to facilitate its 
insertion into the hearing aid 10 during the manufacturing 
proceSS. Preferably, the pull cord 62 is strong, but slender-So 
as to not be obtrusive in the user's ear, and fairly rigid. In one 
embodiment, the pull cord 62 is constructed from a 
monofilament nylon material. The pull cord 62 is thermally 
or otherwise bonded to the insulating member 128. 

FIG. 6F illustrates an “on” position of the hearing aid 10. 
In this position, the insulating member 128 permits a Switch 
contact element 132 to contact the cathode C of the battery 
24B through aperture 130. It is noted that the anode A and 
the Switch contact element 132 are always electrically 
connected to the circuit board. In this “on” position, the 
insulating member 128 is inserted into the hearing aid 
towards the tip 94 and retained by stopping member 136. 
When the user pulls on the pull cord 62, the insulating 

member 128 is moved such that the Switch contact element 
132 is separated from the cathode C, as shown in FIG. 6G. 
As a consequence, the circuit between the battery and the 
circuit board is disrupted, thus turning the hearing aid “off”. 
In this case, the Stopping member 136 prevents the insulat 
ing member 128 from exiting the hearing aid 10. 
As shown in FIG. 6H, the insulating member 128 pref 

erably includes inwardly protruding members or detents 138 
that allow the stopping member 136 to pass therebetween. 
The detents 138 temporarily “lock” the insulating member 
128 in the respective “on” and “off” positions. 

In a preferred embodiment, the hearing aid 10 is inserted 
and removed by the user holding the pull cord 62. Prefer 
ably, the motion of removing the hearing aid 10 turns the 
hearing aid “off” wherein the detents 138 allow the insulat 
ing member 128 to the position illustrated in FIG. 6G. When 
the hearing aid 10 is inserted into the ear, sufficient force is 
imparted to the insulating member 128 to turn the hearing 
aid “on”. Thus, the motion of inserting and removing the 
hearing aid from the ear canal, respectively, turns the hearing 
aid “on” and “off”. 

Although the disposable hearing aid has been described 
thus far with a metal-air type battery a hearing aid can use 
other types of batteries. The primary advantage of these 
other batteries is their higher operating Voltage. AS the 
operating Voltages of the battery drop below 2 volts, the 
design and fabrication of audio integrated circuits becomes 
increasingly difficult. 

The primary disadvantage of non-metal-air batteries is 
their reduced energy capacity. Typically, metal-air batteries 
have twice the capacity of non-metal-air batteries. 
When a disposable hearing aid utilizes a non-metal-air 

battery, the issues for Sealing and providing an air passage 
way are eliminated. Improved acoustical performance can 
be achieved. However, the expected usage life would be 
about half that of a metal-air battery. 
A disposable hearing aid can also utilize a rechargeable 

type battery as shown in FIGS. 8A and 8B. The rechargeable 
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type battery can be sealed within the unit. However, means 
are added to the unit to permit external energy transfer to the 
battery for recharging. This can be done by providing 
external battery contacts 85, as shown in FIG. 8A to allow 
direct electrical conduction or by providing an energy trans 
fer device, Such as an inductive coil 810, as shown in FIG. 
8B, or a photocell (not shown) to allow the battery to be 
charged from an induced alternating current (AC) or light 
Source. In all cases, the battery would be charged when it is 
not in use, for example, overnight. In one possible configu 
ration, the hearing aid may be provided with a charging unit 
(not shown) which provides a regulated direct current charg 
ing potential to the direct electrical contacts 85 or which 
provides a regulated alternating current potential to an 
induction coil (not shown) in the charging unit. If the hearing 
aid includes external battery contacts 85, then the charging 
of the battery is entirely under control of the charging unit. 
If the hearing aid is inductively coupled, however, the 
hearing aid may include a rectifier 812 in addition to the 
induction coil 810 to convert the induced AC potential into 
a DC potential which is applied to charge the battery 24, as 
shown in FIGS. 8B and 8C. 

An advantage of using rechargeable batteries, is that the 
overall life of the unit may be extended, making it more 
economical. In addition, the Voltage potential of recharge 
able batteries may be higher than that of metal-air batteries 
allowing more flexibility in the design of the electronic 
circuitry and improved Sound quality. For example, 
rechargeable lithium metal battery has an operating Voltage 
of 3 volts compared with 1.3 volts for Zinc air. 

FIG. 9 illustrates another embodiment of hearing aid 10, 
which can be disposable or nondisposable. AS illustrated, the 
battery 24 separates the microphone 18 from the receiver 22 
to minimize acoustic feedback between the Same. To obtain 
the maximum life from the battery 24, the housing for the 
battery conforms closely to the internal shape of the ear 
canal. In one embodiment, the battery comprises a plastic 
material which has been found to be comfortable material 
when inserted in the ear canal. In another embodiment, the 
housing or wall of the battery 72 comprises a metal material. 
A sealant 90 can be injected between the battery wall 72 and 
the plastic shell 74 to minimize feedback between the 
microphone 18 and the receiver 22 and to keep the battery 
24 from rattling against the shell. 
As shown, battery 24 includes at least one step 92 Such 

that the overall shape of the battery substantially conforms 
to a portion of the ear canal between the aperture and the first 
bend. This allows the battery life to be extended by increas 
ing the total Zinc Volume. The electrical connection from the 
anode and receiver to the circuit in the microphone Section 
can be an adhesive backed single-sided flex circuit applied 
to the Side of the battery individual wires, metal rods, traces 
printed onto an insulated battery wall, or other Suitable 
means. A spring contact interface plate 80 completes the 
circuit between the receiver 22, anode, and the flex circuit 26 
on the battery. 

Zinc-air cells are commonly deployed for hearing aid 
applications for the reasons that include: (1) they possess the 
highest capacity-to-volume ratio of any miniature batteries, 
(2) their discharge curves are relatively flat, (3) compared to 
mercuric oxide and Silver oxide batteries, the zinc-air cells 
exhibit a more stable Voltage of high currents, and (4) circuit 
design is facilitated by the essentially constant internal 
resistance of the batteries. Having a nominal Voltage of 1.4 
V, Zinc-air batteries must have access to oxygen to operate 
properly. 
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FIG. 10 illustrates a preferred embodiment of a hearing 
aid 10 generally illustrating the overall shape of the mush 
room-shaped tip 94 and two half-shells 74 joined together. 
The two shells 74 form a generally oval cross-sectional base 
portion 86 which extends into an elongate curved middle 
Section 87. The Oval preferably varies in size progressing 
toward the middle section 87. In one embodiment, the two 
half-shells 74 are sometimes referred to as “clam shells'. In 
assembly of the hearing aid 10, the components are inserted 
into one or both of the clam shells, and the shells are 
Subsequently glued, cemented, Snapped (or a combination 
thereof) together. 

FIG. 11 is a cut away side view of one of the shells 74 
which houses the receiver 22 battery 24A and the micro 
phone 18. Two such shells 74 are joined together to complete 
the housing. The battery 24A shown in FIG. 11 is a standard 
Zinc-air cell which has a Substantial cylindrical geometry. 
Typically, the construction of these zinc-air cells consist of 
an air cathode can, an anode can, insulators, and an elec 
trolyte. It is noted that the cathode and anode cans, which are 
coated with nickel to resist corrosion and to ensure good 
electrical contact, are Separated by a nylon insulator. The 
cathode, which is electrically connected to the cathode can, 
is constructed from catalyzed carbon, which Serves to reduce 
oxygen from the air. Alternatively, the anodes are gelled 
mixture of amalgamate Zinc powder and electrolyte, which 
is typically a highly conductive Solution of potassium 
hydroxide (KOH) in water. 

The battery 24A illustrated in FIG. 11 is a conventional 
312 zinc-air cell which has been found to be the largest 
conventional cell that would fit inside of the battery com 
partment formed by the two half-shells 74. 
A custom made battery 24B in accordance with the 

present invention is illustrated in two perspective views of 
FIGS. 12 and 13. More particularly, FIG. 12 shows the 
bottom B of the anode A while FIG. 13 illustrates the top T 
of the cathode C. It is noted that relative to the conventional 
Zinc-air cell, the anode can is lengthened and tapered. The 
tapering is actually a slight draft that is consistent with 
normal manufacturing processes for zinc-air cells. Addition 
ally, the radial dimension of the battery has been increased 
to better fill the available cavity in shells 74. 

To facilitate the change in the radial dimension, the 
cathode can height has been minimized So as to reduce the 
adverse, double-packaging affect attributable to the anode 
can, insulator, and cathode can construction. AS inferred 
from FIG. 14, if a full-height cathode can were used, the 
radial dimensions of the anode can would have to be Smaller 
than proposed, and consequently, the capacity of the custom 
battery would necessarily be reduced. Therefore, the height 
of the cathode can is as Small as possible while Still 
maintaining an adequate Seal. The net effect of these changes 
may be observed by comparing FIG. 14 to FIG. 11. It is seen 
that the custom battery 24B occupies a much larger fraction 
of the Space available for the power Source. In fact, by 
calculating the volumes of the custom battery 24B and 
comparing it to the Standard 312 24A cell, a quantitative 
measure of the increased capacity may be obtained. In doing 
so, a volume of 0.01757 in for the custom battery was 
calculated that is contrasted to the 0.008719 in volume of 
the standard 312 cell. Since the battery volume has increased 
by over 100%, the life of the hearing aid will approximately 
double. 

FIG. 15 illustrates the custom made battery 24B inserted 
into shell 74 with the microphone 18 and receiver 22 in 
place. 
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FIG. 16 is a partial cross-sectional view showing the 

custom battery 24A within a half-shell 74. It is noted that 
half-shell 74 has a generally elliptical shape. Accordingly, in 
another embodiment of the present invention, the battery 24 
can include a generally elliptical cross-sectional shape to fill 
substantially all of the available volume within shells 74. 
This is illustrated in FIG. 17, i.e., a custom made battery 24C 
having a generally elliptical cross-sectional shape. 

FIG. 18 illustrates another embodiment of hearing aid 10 
wherein the battery housing is formed of plastic. A plastic 
cathode plate 96 contains two or more insert molded con 
ductive pins 98, 100 that carry the battery power to the 
circuit 20 in the microphone section 18. One or more pins 98 
penetrate the cathode grid 70 at various locations for one 
battery connection. One or more other pins 100 press onto 
tabs 103 on the metal shell 102 to make the anode connec 
tion. All the pin connections are preferably Spring-loaded or 
use other means Such as conductive adhesive to ensure a 
reliable contact. The zinc and electrolyte 73 are contained in 
a metal expandable shell 102 that serves as an anode. The 
expandable feature allows the Zinc to expand without break 
ing the plastic housing 74 as the Zinc is converted into Zinc 
oxide. 
The plastic housing 74 contains at least two conductors 

104 to connect the receiver 22 to the circuit board in the 
microphone Section 18. In one embodiment, these conduc 
tors 104 can be insert molded into the walls of the battery 24 
or dropped into a cavity molded into the walls of the battery. 
The connectors over pins 104 make a Spring contact with the 
receiver contacts 82. Preferably, the battery assembly has a 
total of four contacts slightly above the surface of the 
cathode plate 96. These contacts preferably interface with 
Spring connections 76 on the circuit board. 

FIG. 19 illustrates an alternative anode design in accor 
dance with aspects of the present invention. One or more 
rods 100 injection molded into the cathode plate 96 replace 
the metal shell 102. Preferably, the rods 100 are pushed into 
the zinc as the cathode plate 96 is sealed into the plastic 
housing 74. 

In one embodiment of the present invention, it is prefer 
able to automate the assembly of the hearing aid as much as 
possible to reduce manufacturing costs. One aspect of the 
present invention is to provide a quick-connect mechanism 
for Simultaneously interconnecting, for example, the 
receiver and the battery, without Soldering or welding Such 
Small parts or contacts. The term "simultaneously is under 
stood to mean to occur at the same time. Thus, the necessary 
electrical contacts are completed by the quick-connect 
mechanism at the same time. 

FIGS. 20 and 21 illustrate an embodiment of a quick 
connect or coupling mechanism which includes a Saddle 
member 114 which is preferably formed from a non-con 
ductive material, Such as plastic. Saddle member 114 Sup 
ports at least one contact member 116 which interconnects 
the anode A of battery 24B with the circuit board 118 in the 
microphone section. Saddle member 114 further supports at 
least one contact member 122 which interconnects the 
cathode C of battery 24B with the receiver contacts 126. A 
battery contact 124 connects the anode A to the contact 
members 116, 122. Preferably, the contact members 116, 
122 are insert molded leaf springs having twisted ends 120 
which increase the contact pressure to ensure a good elec 
trical connection. 

In one embodiment, all of the internal components includ 
ing the battery 24B, the receiver 22, the microphone 18, and 
tip 94, are placed within a first or bottom half-shell 74. The 
Saddle member 114, which includes contacts members 116, 
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122, is placed on top which completes all the necessary 
interconnects between the components. The Second or top 
half-shell 74 is preferably Snapped and cemented onto the 
bottom half-shell to form the hearing aid 10. In an alterna 
tive assembly Sequence, the Saddle member 114 is posi 
tioned within the top half-shell 74 before the top shell is 
installed onto the completed lower shell assembly. Comb 
features (not shown) are preferably added to the top half 
shell 74 to guide the spring ends 120 and to back up the 
receiver 22 to prevent bending damage as the Spring contact 
applies its force. Preferably, the twisted ends 120 have an 
antioxidant grease or a gold plate thereon to ensure long 
term contact reliability. 

Generally, battery life is often determined by how often 
the hearing aid 10 is used, if the hearing aid is used 
frequently. In the case of infrequent use, the battery life can 
be limited given that the battery can dry out and become 
nonfunctional if exposed to low humidity, or become bloated 
and become nonfunctional if too much moisture is absorbed 
due to exposure to high humidity. Thus, in accordance with 
one aspect of the present invention, the use life of the 
hearing aid 10 can be extended by providing more than one 
battery which can be activated, preferably one battery at a 
time. Multiple batteries can be used in any hearing aid 
device, including disposable and non-disposable in-the 
canal (ITC), completely-in-the-canal (CIC), and behind-the 
ear (BTE) type hearing aids. 

FIGS. 22 and 23 illustrate one embodiment of a Switch 
device for use in a hearing aid 10 having multiple batteries 
which can be sequentially activated. The Switch device 140 
is positioned adjacent a first battery 142 and a Second battery 
144. In FIG. 22, the Switch 140 is in the “off” position with 
an insulating member 141 of the Switch covering a portion 
of each battery 142,144. In this position, each battery 142, 
144 is electrically connected to ground and neither battery 
142,144 is electrically connected to the circuit board of the 
hearing aid 10. Each battery 142, 144 includes a hole 146 
which, when exposed to air, becomes activated. In the “off” 
position of FIG. 22, the Switch 140 covers both holes 146. 
When the Switch 140 is moved towards one of the 

batteries, for example, battery 142 (see FIG. 23), the battery 
hole 146 is exposed to air via an aperture 148 of the 
insulating member 141. At or about the same time, the 
battery 142 is electrically connected to the circuit board to 
power the hearing aid 10. In one embodiment, the Switch 
140 includes an electrical conducting member 150 which 
completes the circuit to the circuit board to power the 
hearing aid 10. Thus, the Switch 140 can be used to both turn 
the hearing aid 10 “off” and “on” and select a battery that is 
used to power the hearing aid. 

FIG. 24 is an alternative embodiment of an apparatus for 
Selecting and activating a battery. In this embodiment, a first 
insulator 152 and a second insulator 154 are positioned 
adjacent respective batteries 142, 144. AS in the previous 
embodiment, each battery 142, 144 is connected to ground. 
In the “off” position, insulators 152, 154 separate respective 
electrical conductors 156, 158 from batteries 142, 144 to 
break the circuit 162 to the hearing aid load 200. Insulator 
152 includes a conductive strip 160 thereon which com 
pletes the circuit between battery 144 and the load 200 when 
insulator 154 is moved allowing the conductor 158 to 
contact the battery 144. When battery 144 has expired, 
conductor 152 is moved to allow conductor 156 to contact 
battery 142. Preferably, only a single battery is connected at 
a given time to the circuit 162. Otherwise, if the first battery 
is not disconnected after use, its lower Voltage puts an 
electrical drain on the Second battery, shortening its life. 
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Thus, when insulator 152 is moved, the battery 144 is 
disconnected from the circuit 162. 
FIG.25 illustrates an embodiment of a Switch mechanism 

164 for Selecting a battery for powering a hearing aid 10 and 
for turning the hearing aid “on” and “off”. In this embodi 
ment, a rotary Switch member 166 is preferably formed from 
an insulative material, Such as plastic, and covers the respec 
tive holes 146 of batteries 142,143, and 144. It is understood 
that more than three batteries can be used in accordance with 
the present invention. Switch member 166 also includes an 
electrical contact 168, which completes the circuit to power 
the hearing aid 10 when positioned over a battery, for 
example, battery 142. Switch member 166 further includes 
an orifice 170 which provides air to the selected battery to 
activate the Same. 
The Switch member 166, in one embodiment, is rotated to 

select and activate a battery by an actuator member 172. In 
one embodiment, the actuator member 172 is rotatably 
supported by the housing or shell 74 of the hearing aid 10 
and rotates the Switch member 166 upon rotation of the 
member 172 by the user. Preferably, the Switch member 166 
includes detents thereon to allow the Switch member to 
“click” into position. It the embodiment of FIG. 25, four 
detents are used-one detent for each battery 142,143,144 
and one detent for the “off” position. In an alternative 
embodiment, the actuator member 172 can rotate a member 
(not shown) which supports the batteries while the Switch 
member 166 remains in place. 

Typical hearing instruments are designed to have a prod 
uct life of approximately 4 to 5 years. AS Such, the materials 
Selected for these instruments must be robust enough to 
withstand the normal wear that a given unit will experience 
during its life-cycle. Since the hearing aids performance and 
appearance should not degrade Significantly within this 4 to 
5 year period, this generally means that the materials utilized 
are relatively hard, contributing to the discomfort experi 
enced by the wear of the instrument. 
To address the issue of discomfort, the tip 94 is preferably 

constructed of a Soft, compliant material the shells 74 are 
formed from a stiff plastic material. It has been found that 
Such a tip construction can dramatically improve the per 
ceived comfort of a unit. However, since the useful life of 
this highly compliant material is anticipated to be greatly 
reduced when compared to its relatively Stiff counterpart, 
i.e., shells 74, it may be necessary to intentionally limit the 
life of the product, So that the user is not put at risk due to 
the wear degradation of the hearing instrument. Also, Since 
the hearing aid 10 preferably incorporates a zinc-air battery, 
limiting the product life also minimizes the problems asso 
ciated with battery Swelling due to extreme discharging. 
Accordingly, three methods for automatic shutdown of a 
hearing aid are described below. 
A first method monitors the on-time of the hearing aid 10 

to determine an appropriate turn-off time. Monitoring can be 
implemented in Software, hardware, or combination of the 
two. In one embodiment, with reference to FIG. 26, when 
the hearing aid 10 is turned “on” by Switch 106, an electronic 
timer 108 is started to help keep track of the elapsed time. 
The output of timer 108 increments counters 110 in a 
microcomputer 112 in the hearing aid 10 that stores the 
elapsed time data. So that this data will not be lost when the 
Switch 106 is in the “off” position, power is provided to the 
counters at all times. Consequently, to avoid excessive 
battery drain, the power requirements of the counter are 
preferably minimal. AS an alternative to constantly Supply 
ing power to the counters, nonvolatile (NV) memory NV can 
be used to store the on-time data. Although the NV memory 
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will eliminate the need to provide power to the circuitry 
when the hearing aid is “off”, the tradeoff is that there is a 
power drain associated with Storing the information in 
memory. 

When the user moves the Switch 106 to the “off” position, 
the timer 108 is halted. This prevents any increment to the 
counters 110 while the hearing aid 10 is “off”. The on/off 
cycle described herein repeats until Some predetermined 
time limit is exceeded. Once the time limit is exceeded, the 
hearing aid 10 is shut down. For example, this can be 
achieved by disabling the output which drives the receiver 
22. However, prior to Shutting down the unit, periodic 
audible warnings of impending shut down can be generated 
to alert the user of the impending shut down. 
A Second method tracks the time elapsed from the 

moment that the user moves the Switch 106 to the “on” 
position. Once again, when the hearing aid 10 is turned “on” 
by a user, the timer 108 is started. However, in this embodi 
ment, a flag is Set in the microcomputer 112 which indicates 
that the unit has been turned “on” at least one time. The 
current state of this flag prevents the timer 108 from being 
shut down when the unit is turned “off”. Thus, this timer 108 
output continuously increments the counters whether the 
unit is “on” or “off”. After initial actuation of the Switch to 
the “off” position, power is provided to the timer and the 
counters at all times. This process continues until Some 
predetermined time limit is exceeded. Within the context of 
a disposable hearing aid, the time limit could correspond to 
a predetermined number of days, for example, 7, 14 or even 
30 days. If the unit is rechargeable, that time limit could be 
for an extended period of time, for example, 90 days or 
more. These type of time intervals are preferably relatively 
easy for the user to remember. Preferably, when the time 
limit is exceeded, the unit will be shut down after periodic 
audible warnings of shut down have been generated. 

Another shut down method in accordance with the present 
invention is based on the calendar. In accordance with this 
embodiment, the hearing aid 10 only operates during a 
Selected month, for example, January only. Since the hearing 
aid 10 functions only during the selected month, the user 
benefits by knowing that they should get a replacement unit 
at (or around) the beginning of each month. 

Preferably, this technique is independent of the position of 
the Switch 106 and is implemented in the following manner. 
First, the hearing aid electronics include a means for track 
ing date and time. This can be done by Supplying date and 
time information to the circuitry during programming of the 
hearing aid 10. Since the hearing aid 10 keeps track of the 
date from this point forward, power is Supplied to this watch 
function. The month over which the hearing aid 10 will 
operate can be determined when the user first turns “on” the 
unit for a predetermined time period. This time period in 
question should be long enough So that inadvertent month 
Selection is avoided. In a preferred embodiment, there is a 
limit to the number of times that a user may actuate the 
Switch 106 before the hearing aid finally selects the oper 
ating month. If desired, the hearing aid 10 may be designed 
Such that it will accommodate a grace period. For example, 
it can function over a time period that includes the two days 
before the selected months as well as two days after. 

While this invention has been particularly shown and 
described with references to preferred embodiments thereof, 
it will be understood by those skilled in the art that various 
changes in form and details may be made therein without 
departing from the Scope of the invention encompassed by 
the appended claims. 
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What is claimed is: 
1. A battery for use in a hearing aid insertable into an ear 

canal, the battery being shaped to Substantially conform to 
a longitudinal portion of the ear canal between an aperture 
and a first bend of the ear canal, the battery being generally 
cylindrical in Shape having an outer diameter dimension 
which varies from D1 to D2 in a longitudinal direction along 
its length dimension L, D1 being less than D2, and wherein 
L is less than D1 or D2 and the battery fits in a housing in 
the hearing aid Such that the diameter dimension extends 
traverse the ear canal, wherein the outer diameter dimension 
of the battery is less than D2 over a substantial portion of the 
battery along its length dimension L. 

2. The battery of claim 1, wherein the battery includes at 
least one Step going from D1 to D2. 

3. The battery of claim 1, wherein the hearing aid is 
disposable. 

4. The battery of claim 1, wherein the hearing aid is 
nondisposable. 

5. The battery of claim 1, wherein the hearing aid has an 
elliptical diametric cross-sectional shape. 

6. The battery of claim 1, wherein the battery is comprised 
of metal or plastic. 

7. The battery of claim 1, wherein an outside diameter 
dimension of the battery increases abruptly from a distal end 
of the hearing aid to a proximal end. 

8. The battery of claim 1, wherein the outer diameter 
dimension of the battery is less than D2 over at least about 
one third of the battery along its length dimension L. 

9. The battery of claim 1, wherein the outer diameter 
dimension of the battery is less than D2 over about one half 
of the battery along its length dimension L. 

10. A method for forming a battery for use in a hearing aid 
insertable into an ear canal, comprising Shaping the battery 
to Substantially conform to a portion of the ear canal 
between an aperture of the ear canal and a first bend of the 
ear canal, the battery being generally cylindrical in shape 
having an Outer diameter dimension which varies from D1 
to D2 in a longitudinal direction along its length dimension 
L., D1 being less than D2, and wherein L is less than D1 or 
D2 and the battery fits in a housing in the hearing aid Such 
that the diameter dimension extends traverse the ear canal, 
wherein the outer diameter dimension of the battery is less 
than D2 over a Substantial portion of the battery along its 
length dimension L. 

11. The battery of claim 10, wherein the outer diameter 
dimension of the battery is less than D2 over at least about 
one third of the battery along its length dimension L. 

12. The battery of claim 10, wherein the outer diameter 
dimension of the battery is less than D2 over about one half 
of the battery along its length dimension L. 

13. Abattery for use in a hearing aid insertable into an ear 
canal, the battery being shaped to Substantially conform to 
a longitudinal portion of the ear canal between an aperture 
and a first bend of the ear canal, the battery being generally 
cylindrical in Shape having an outer diameter dimension 
which varies from D1 to D2 in a longitudinal direction along 
its length dimension L, D1 being less than D2, and the 
battery fits in a housing in the hearing aid Such that the 
diameter dimension extends traverse the ear canal, wherein 
the outer diameter dimension of the battery is less than D2 
over a Substantial portion of the battery along its length 
dimension L. 

14. The battery of claim 13, wherein the battery includes 
at least one Step going from D1 to D2. 

15. The battery of claim 13, wherein the hearing aid is 
disposable. 
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16. The battery of claim 13, wherein the hearing aid is 20. The battery of claim 13, wherein the outer diameter 
nondisposable. dimension of the battery is less than D2 over at least about 

17. The battery of claim 13, wherein the hearing aid has one third of the battery along its length dimension L. 
an elliptical diametric cross-sectional shape. 

18. The battery of claim 13, wherein the battery is 5 
comprised of metal or plastic. 

19. The battery of claim 13, wherein an outside diameter 
dimension of the battery increases abruptly from a distal end 
of the hearing aid to a proximal end. k . . . . 

21. The battery of claim 13, wherein the outer diameter 
dimension of the battery is less than D2 about one half of the 
battery along its length dimension L. 
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